We report the presence of senescent cells in several transient structures in developing amphibian and teleost fish, suggesting novel mechanisms of morphogenesis that appeared early in vertebrate evolution.
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Cellular senescence has been, until recently, linked to aging and as a mean to prevent aberrant cellular proliferation. Cells that become senescent stop proliferating and secrete multiple cytokines that can act as growth factors and immunomodulators. Although senescence per se is not cell death, senescent cells in vivo are cleared by phagocytosis (Xue et al., 2007) . The initial view of senescence as a mean to eliminate premalignant cells has been radically changed by the groups of Serrano and Keyes who independently published that cellular senescence is also important for embryonic development in mice (Munoz-Espin et al., 2013; Storer et al., 2013) .
More recently, Yun et al published that senescent cells were transiently present in regenerating limbs of axolotls where they are eliminated by macrophages (Yun et al., 2015) . These observations provide new insight on the importance of cellular senescence during development.
To determine how widespread developmental senescence is, we examined senescence in axolotl and zebrafish embryonic development.
Developing axolotl and zebrafish embryos were fixed glutaraldehyde and stained for the Senescence Associated β -Galactosidase (SaβG). We detected a strong SaβG activity in the pronephros of axolotls ( fig.1 A, B , H, I). SaβG activity was also detected along the pronephric ducts from the pronephros all along until the bladder ( fig.1 B) . Some primitive fishes retain pronephros all their life but in salamanders it is present transiently and is replaced by the mesonephros as they reach maturity (Hildebrand, 1988) . A second strong staining area for senescent cells was detected in the olfactory nerve fascicles in the nostril area ( fig Senescence in mammals is often associated with the presence of phospho-Erk (Deschenes-Simard et al., 2013) . We used the phospho-Erk1/2 antibody to assess whether it was present in the axolotl pronephros (strongest staining organ). Our results show that phospho-Erk1/2 is indeed present in the axolotl developing pronephros. This indicates that signals associated with cellular senescence are highly conserved across a vast evolutionary distance among vertebrates from amphibians to mammals.
In order to further assess the evolutionary importance of senescence developing zebrafish were stained for SaβG activity. SaβG staining is detected at very early stages including the yolk sac ( fig. 2) , a temporary structure used as a source of energy for the developing embryo that is lost over time (Kimmel et al., 1995) . Our results suggest that senescence of this structure is partly responsible for its elimination. The earliest detection of senescence in zebrafish is at the 32-64 cell stage ( fig. 2L ). At the 8-13 somite stage senescence was detected in the yolk sac ( fig.   2J ). From the 20-25 somite stage until 4 days post-fertilization senescence is detected in the yolk sac and in the tissues that will become the intestine ( fig. 2E-I) . From day 7 until day 15 senescence became restricted the cloacal end of the intestine ( fig. 2A-D) . We did not detect any senescence signal in the zebrafish's pronephric area which may be due to the fact that bony fish have rudimentary kidneys all their life and therefore there is no need to eliminate them.
Eliminating structures using cellular senescence provides opportunity for the surrounding tissues to replace or compensate the loss of those cells, which would benefit the morphogenetic process.
In addition, the products secreted by senescent cells can stimulate cellular growth and migration of adjoining cells and thus have an impact on development.
The discovery of senescence during embryonic development does not support the idea that it evolved for the sole purpose of protecting organisms from oncogenic transformation. It is more likely that it evolved primarily for embryonic development and is re-utilized in mature animals as a mechanism of tumor suppression. This report demonstrates that cellular senescence is present during the embryonic development of lower vertebrates (salamander and teleost fish).
The paper by Yun's group (this issue) also shows that senescence is present in Xenopus as well as in axolotls. Our results combined with the work by the groups of Yun, Serrano and Keyes (Munoz-Espin et al., 2013; Storer et al., 2013) clearly demonstrate that senescence is a cellular process that evolved early in the vertebrate genealogy as it is present in organisms ranging from bony fish to amphibians all the way to mammals. The novel observation that cellular senescence is a bona fide process of embryogenesis opens the door for new investigations on the evolutionary pressures shaping development and raises important questions about the evolution of molecular pathways for the selective induction of senescence during embryonic development.
A developmental control of cellular senescence raises the intriguing possibility that the observed increase of senescent cells during aging could be developmentally programmed as well.
Materials and Methods:
Senescence Associated β -Galactosidase
Embryos were fixed with 0.5% C. Controls to confirm SaβG staining specificity were performed in identical conditions except the pH of the solutions were adjusted to 7.5 for which SaβG is inactive (none of the controls showed any sign of β -gal activity, n=10).
Immunofluorescence enhanced with Tyramide
Sections were rehydrated as previously described then blocked using 2% BSA in TBS-T for 1h at room temperature (Levesque et al., 2010) . Primary antibody was diluted in blocking solution (anti-p-Erk1/2, cat# 4370, cell signalling, 1/400) and incubated on slide overnight at 4°C. Secondary HRP coupled antibody was diluted (anti-rabbit HRP, cat# 170-6515, Biorad, 1/800) in blocking solution for p-Erk1/2 and incubated at room temperature for 45 min. 
Figure legends

